The objective of the present work was to study the feasibility of the use of an ionization chamber dedicated to mammography in the characterization of radioprotection qualities referring to the series of narrow spectrum beams provided by ISO 4037-1. The results were satisfactory, and we conclude that it is feasible to use the ionization chamber dedicated to mammography to characterize the radiation protection qualities ISO-N15 to ISO-N120.
INTRODUCTION
The irradiation conditions covered by ISO 4037-1 is to be applied in radiometric survey from mammography to interventionist practices, as well as in the occupational dosimetry [1, 2] .
Because its low effective energies, such conditions fall into the narrow spectrum series. Each quality is represented by the letter N followed by the peak tension used [3] . The Laboratory of Radiological Sciences of the State University of Rio de Janeiro (LCR / UERJ) characterized the N15 to N150 qualities with the use of two distinct ionization chambers, one dedicated to mammography and the other dedicated to radiological protection.
The objective of the present work was to make a comparative study between both ionization chambers, with the aim of verifying the feasibility of the use a mammography chamber as a reserve one in the LCR, for the ISO-N15 to ISO-N120 qualities.
MATERIALS AND METHODS
The two ionization chambers used were: PTW 23361, 30 cm³, cylindrical geometry, energy range 40 keV -1 MeV, serial number 292, calibrated at LMNRI in 2018 under the number LMNRI 0931/2018, and the Radcal 10X5-6M, 6 cm3, parallel plate geometry, 10 keV-40 keV energy range, serial number 8590, calibrated in the LMNRI in 2017 under the number LMNRI 003/2017. The X-ray tube used was the Comet industrial type, serial number T20697 / B, with maximum peak tension of 160 kVp, tungsten anode and 20° angulation. The current used was 15 mA. The filtrations consisted of Al, Cu and Sn plates with 99.99% purity and all manufactured by GoodFellow. The focus-detector distance was 1 m. The temperature was between 19° C and 21° C, atmospheric pressure between 99,00 hPa and 101,00 hPa and relative humidity between 50% and 60%.
The measurements were obtained in charge unit coulomb (C), 20 nC scale, on the Keithley electrometer, model 6517A, serial number 6735987 with polarization voltage 300 V. A Casio stopwatch, serial number 208Q09R, certificate and calibration C-0342/17 was used too.
Five measurements of accumulated charge were performed in 1-minute interval. For each ISO-N quality shown in Table 1 , the x-ray beam was first characterized with the PTW chamber, cylindrical geometry, once it was dedicated to such irradiation conditions. After that, it was replaced by the Radcal chamber, parallel plate geometry.
For each ISO-N quality, shown in table 1, an attenuation curve was plotted in Excel and a trend line was obtained, and a representative function was got. With this function, the first and second HVLs were calculated, and so the homogeneity coefficient (HC) and the energy dependence. The first and second half-value layers (HVL) were obtained and compared with those of references. The relative response variation between the two chambers were given by the ratio of the first HVL of Radcal chamber to the first HVL of PTW chamber, and the HC was obtained by the ratio of the second to the first HVL. Table 2 shows a comparison between the HVL obtained by both ionization chambers, their homogeneity coefficients and the reference values provided by ISO 4037-1. Table 3 shows the mean and its standards deviations for each ISO-N quality measured. For the ISO N120 quality, the additional filtration was adjusted to obtain a value close to the first and second HVL required by the ISO 4037-1: 0.5 mm of Sn was subtracted.
RESULTS AND DISCUSSION
For the N10 quality, both chambers had their first and second HVLs equals, which reflect a unitary HC. Considering that the spectrum of the x-ray tube is continuous, a unitary CH does not make sense. A possible cause would be the limitation of Al filters used, with minimum thicknesses of 0.1 mm, which directly influences the profile of the attenuation curves and consequently the HVLs and HC. Another cause would be the energy range itself: the 10 kVp tension corresponds to the 8 keV [3] of effective energy, being below the limit established by both Radcal (which are 10 keV) and considerably below the limit established by PTW (which are 40 keV).
For the ISO-N150 quality, when the Radcal chamber was used, the second HVL was greater than the first HVL, and the HC was greater than one, what is an absurdity. However, it is remembering that the upper limit of effective energy of the Radcal chamber is 40 keV, and for the quality in question the mean energy is 118 keV [3] . Figure 1 shows the relative response of the Radcal 10X5-6M chamber relative to the PTW 23361 chamber. We observed that the highest energy dependence is 6%, when the extremes are excluded, that is, ISO N10 (10%) and ISO N150 (14%), not shown.
